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Surmnary

The rf system for the Pusion Materials

Irradiation Test (MIT) accelerator is currently
in the design phaae at the Los Alamos Scientific
Laboratory (LA5L). The 35-HeV, 1OO-MA deuteron

beam will r~uire a~roxlmately 6 W of rf power

at 80 MHz. The EIMAC S973 power tetrmle,

capable of a 600-kW cw output, has been chosen
as the final amplifier tube ior ●ach of 15
amplifier chains. The final pcwer stage of each

chain is designed to perform as a linear Class B
amplifier. Each low-ywar rf svgtem (CIOOW) is
to be phase, amplitude, ard frequency controlled

to provide a drive signal for each high-power
amplifier. Beam dynamics for particle accelera-

tion ati for minimal beam spill require each rf

amplifier out~t to be phase controlled to
:10. The amplitude of the accelerating field
must be held to +19. A var.wtor-tuned elec-

tr~ic phase ❑hi~ter and a linear phase detector

are under development for uae in this svstem.
TO complement hardware development, analog
mm~ter simulations are being performed to
optimize the closed-lmp control characteristics

of the system.

General Description

Preliminary rf system design for the !inear
accelerator (linac) portion of the WIT facility
1.s in progrsss. 1 me 35-~eV a~ccl~:zatlr,q

atrmture will consist of a lcu-beta

radio-frquenry quadrupol?, (RFQ) accelerator/
buncher2 up to 2 I&i) and tm post-coupled
Alvarez tanks in aeriea, with an intertank
spacer at the 20-MeV pint. The 35-MeV, 1OO-MA

e deuteron beam will reqrire a~rorrimately
6.O-PWof rf prer at 80 PHZ.

The basic layout of t~e P?IIT rf ayatem
includes a total of 15 power amplifiers driving

three linac tanks.3 Each rf amplifier chain
will be capable of generating at leaat 600 kW of

power. The FWQ will require tm amplifier

chains and ●ac~ Iinac tank will need at leaat
aix or seven. A multiplicity of drive imps
will be uad for inductively coupling the rf

energy into the accelerator tanks. Each power

●mplifier (PA) will have its own coupling lrmp.

Work ●u~orted under th~ auapicaa of the U. S.

~Par*ent of Energy.
Weatinqhmae/Banford Engineering Develofanent

bboratory ●mployee working at LASL.
ttCornell Llniveraity, ●mployed at ML Sumner

1979.

Phase Control System

The output of ●ach rf amplifier must be

controlled to +1° in phase. A diagram of the
amplitude and ~hase mntrol ny.stem is shti in
?:g. 1. The major mmpnents of this System are
. ~nn( eA~ctronlc phaseshifter; a linear rf

phase detector; and a phase controller.

Electronic Phaae Shifter—

A achemati: of the phase shifter is shown In
Pig. 2. The phase shifter is a varactor-

tuned, circulator-tvpe device similar in prin-

ciple to those used at the Clinton P. Anderson
Meson Physics Facility (lAHPF). Because of the

nonexistence of ferrite ccxrrpcnents (circulators)
at 80 MHz it was deciderl to build the phase
shifter to operate at 400 MHZ. This makes it

pasible to utilize atripline techniques. A
double-balancerl mixer on the input is used to
heterodvne the BO-WRZ siqnal with a 320-MRz
signal to produce the 400 MHz required bv the
phase shifter. The 32(, MHz is de~ived bv
frequenm quadrupling a pxtion of the .90-KRz

input.
The 400-MRz signal enters Port 1 of the

4-port circulator. Ports 2 and 3 are terminated
with varactors and the appropriate lengths of
transmia9ion line. Port 4 provides the 400-WRZ,
phase-shifted output. ThIe signal then is

heterodvned back to 80 KHz. All phase informa-

tion ia preserved because the same 320-MHz
nlgnal ig used for both up and down cmveraior.

An ●xperimental mdel of thic phase shifter has

been operated successfully with 400-PIIIz Inputs
fr’m 0.1 to 1.0 watt.4 This phase shifter

●xhibits a linear renponse with a 4000 ranqe

aa the de hiss 10 varied from o-40 volts. The

insertion luas varies from 2 to 5 dB. Fiqure 3

illuntratea the meaaured phase shift and
insertion leas va varactor biaa.

Linear Phase Detector—.—

A linear phaee detector in under develop-
ment for use in the feedback control lcmp. The

output will be a dc level betwel, ~10 volts,
linearly proportional to the phaae difference
between the tm inputs. The rletectnr must have

0.5° resolution, u 360° ranqe, and a 100-kHz
bandwtdth.

benically, the phaae detector generates,

then Integrate the waveforms ahcm in Fig. 4.
These are variable dutv-cycle aquar~ wavea whose

●igna are determined by whether th. algnal is
leading or laqgina the reference. The waw!form
la then integrated to prm!luce a dc level
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Pi9. 1. A single rf amplifier cha n.

the &ty-cycle. For ●xample,
(SIG) and reference (REP) are In

phase, a -etr ical Square wave is produced
that Integrates to zero. When SIG leads REF,

the square wave b-es aayrmnetr Ical with an

increasing positive pulse width proportional to
the phase difference between the two inputg.
This will integrate to a positive dc level.

Figure 5 ia a simplified schematic of the
phase detector. Both the 80-MIIz REP ati SIG are
mixed with a 79+4FIz local oscillator signal to
produce two l+fFIz signals that retain the same
phase information as the 80-Kliz Inputs, Each

1-WIZ signal paases through a voltage comparator
to generate a 1-MRz square wave. A EFflip-flop

is used to provide a lr. , c level that specifies
whether SIG ia leading d lagging. The SIG line
goes to the D Input of the flip-flop and the RSF
line goes to the clock input. The flipflop
changes out~t on the leading ●dge of the clesk

pulse; oo, if the SIG ia leading, the flip-flop
will outp.rt a high logic level; and if lagging,

a low. This bit addresaes the multiplexer.

The waveforma of Pig. 4 can be realized bv
using SIG OR REF logic when SIG 1s leading and
by using SIG AND RCP when SIG la lagging. Only

tm multiplexer inputs need to be selected:
Xo, wh!ch haa the AND input, and xl, which

ham the OR inpt,

L
1,~

A,
c I

I 1’
T
o
R

The vsriah’lc fluty-q’cle square-wave outp,~t
of the multiplexer then is lnteqrated to produ-e

a de level prowrtional to the phase diff~rene=
of the inputs. An alternate approach is heina

pursued in the event it is not possible to meet

the ripple ~<10 m V -P) anfl bandwidth (100 kH7~
specifications with an o~amp intcarator. This
scheme muld Involve counting the time duration
of the multiplexer output and usinq btO-,4 con-

version to qenerate a dc

output.

Phase Control LCCIpS—

Referring to Fig. 1,

behaves in the following
phaae mntrol lmp haa a

level from the ceunte[

the phase control lmu
manner. The innermost
50 kFlz handwirlth anfl

maintaina a constant phase across the amplifier
chain regardless of a~lifier outpu’ ~er or

other myrrtem fluctu~ttions.
The outer phase lmp is used to maintain the

rf inpUt to the accelerator at the proper phase
for particle acceleration. A phase detector

(@/D) ia used to mrnpare the phase from an rf
monitor lmp in the tnnk with the phase of a
phase reference line. This dc output of the
phaae detector ia sent to ●ach PA driving that
particular tank. This output signal is

subtracted frm a Facilit.v Control System (FCS)
mmputer-generated set mint to produce an ● rror
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Pig. 3. P4eaeured phase shifter characteristics.

nignal. Proportional, integral, and derivative

(PID) compensation is uenl in a controller to
transform the ● rror signal Into the proper
voltage to drive the varactora in the phase
❑hifterfi ($), thereby forcing the ● rror signal
to zero. Analcq mmpter simulation of the
phaae and amplitude controi myotem is being Aone

ti determine the proper amount of compensation
requird for faat, ntahle, feedback imps. The
bandwidth of thlg outer I=p IIS about 10 kFiz and
it is determined primarily try the Iinac tank
character iutica.

Amplitude Control System

The amplitude mntrol oyotem must maintain
the accelerating field in ●ach linac tank to
within a +11 tolerance. Tw leveln of control

are requi;ed b do thin. P,rat, the overall
gain of each rf chain muet be ❑aintaind at a

IN-PHASE
u~l=

SIGNAL

OUT

SIGNAL LEADS
E?Y60°

SIGNAL

OUT

F1cI. 4. Desired

I-l_r..n

-1__r—1——rL

nhas-e detector outr,u’.s
before integration.

00MH2 LINEAR PHASE OETEC70R

Fig. 5. An .90-HFIz linear phase Aetector.

constant value regardless of the operatinq con-
ditions (e.q,, cemr outpvtl of that chain.

This ia accomplished with an automatic gain-
control feeflback lOOP around ●ach PA. SecondIv,
the per output of ●ach PA must be adiue.ted to
prcduce the required tank fields. Because each

PA is a linear, Class B amplifier, the output is
strictlv a function of the input drive level.
An ~litude mntrol svstem that mon{tors the
field in the tank will control the output level

of each PA.
Referring to Fig. 1, the amplifier precedinq

the flide switch is a Ievel!nq amplifier that

outputs one watt at 80 MHz under all operatin.a
renditions. This amplifier is neceasarv because
the insertion 10ES of ●ach phaae shifter 19 not
con9tant. With this arrangement, the rf .s(.anal
in:o the Aide switch has a constant amplitude

and a variable phase. The diode avitch IFI

‘open” ●xcept when the rf ●nable signal is
applied. The output from the diot!e owitch !s
pasged through the voltaqe variable attenuators

(AT), which are the control ●lementu for the

3



amplitude anr3 gain &)ntrol circuits; the outp’]t

signal frcsn the last att~nuator drives tb~

congtant-yain solid-state amplifier. Th~ output
from this amplifier (1 to 100 watts) drives the

high-per rf system.
Because FMIT has up to neven amplifier

chains per l~nac tank, each amplifier chain must

have the same qain. This gain als~ should hQ
independent of outfmt power level. To acmm-
pii~h this for ●ach PA, the forward pwer from
the PA 16 mea.s,~red awl 19 cempar~d with a power

sample taken from a directional coupler (~)
between the tm attenuators. The ratio of the
former to the latter 1s the qaln of thp svstem
between those tm ~lntg. This value for the
actual gain is compared with an KS computer-
generatd gain set pint. If the actual qaln Is
not equal to the desired qain, an error siqnal
is produced that 1s actd upon trv the PID gain

controller. The controller adjusts the atten-
uator nearest the PA to drive the ● rror siqnal
to zero, th~rehy producinq the desired overall
gain throurfh the ~wer amplifler Svgtem. This

automatic gain control 9ystem 1s helnq designed
for a 50-k!4z handwirfth.

To control the field level in the sccel -
● ratnr a monitor ltmp in the tank samples the rf

field. This rf signal (tank amplitude feedback)
is det=ted to produce a dc level proportional
to the tank field amplitude. This dc level is

~mpared with an PCS generated tank amplitude
aet pint that correspotis to the ,~esi red field

amplitude (Fig, 1). The di-- srence het~en th~
tank amplitude set pint and the feedback .aIqnal
is the error. This error signal is seni. to the
PID amplitude controller of each PA rfrivinq that
tank. The controller will chanqe the attenuator
setting of ●ach amplifier chain such that the
● rror signal goes to zero. At this time each PA
will be mtputting the required amount of per

to the linac. This amplitude control lcup will
have a 10-kllz bandwidth.

High- POW r Amplifier

Amplification from 100 W to 600 kW will he
actm’rrpliahed by several stages of vacuum tube
amplifiers. A preliminary design 9tudy5 has
been done to determine the ccmflguration for the

big>-po~r system.
The tube line-up is ahon in Fig, 6. The

final amplifier will be the EIMAC 8973 (formerly
X2170) power tetrode. Preliminary design has
been done for a 600-kW cw system at EIO MHz. The
system will have a 3-dB bandwidth of 200 kllz.

Linearity should be better than 0.379.
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Fig. 6. Power amplifier t,J!je line-up.

Prototvpe

A prototvpe FMIT accelerator capable of

produclnq 5-MeV !42+ particles \s under
dpvelopnent rmw at LASL. This accelerator will
require four rf amplifier chains to Euppl,J the=
necessarv enerqy for beam acceleration,

The rf system for the FMIT accelerator at

Hanford mu~t be designed for 859 availahil, ?,~.
To ach[eve this, ●ach accelerator tank will us.=
one mere than Lhe minimum number of ~er

aw’.if~ers necessarv to drive it. This m~ans
that, If one amplifier chain fails, thp o,jtp,]f
of the remalninq armllfiers can he increa$-+ to
compensat~ for che loss without havinq
rfcu’n the accelerator.
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